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SYSTEM OF PHOTOMORPHOGENICALLY
ENHANCING PLANTS

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s a non-provisional application that
claims priority benefit of U.S. Provisional Application Ser.

No. 60/860,057 filed Nov. 20, 2006, the contents of which are
hereby incorporated by reference.

FIELD OF THE INVENTION

This invention relates 1n general to the areas of horticulture
using artificial lighting systems to i1lluminate plants and in
particular to using controlled ultraviolet (UV) light exposure
in the course of plant growth.

BACKGROUND OF THE INVENTION

The visible light spectrum, known as photosynthetically
active radiation (PAR), 1s of paramount importance in plant
growth 1n that PAR light 1s responsible for driving photosyn-
thesis. However, the role of ultraviolet radiation (UV) in
promoting plant growth and survival 1s less well understood.

UV light 1tself 1s classified 1n three spectral regions: the
ultraviolet A light (UVA) 1s of wavelengths of between 320
and 400 nm; ultraviolet B light (UVB) 1s of wavelengths
between 280 and 320 nm; and ultraviolet C light (UVC) 1s of
wavelengths between 180 and 280 nm. The ea 1s bathed in
both UVA and UVB light. However, UVC light 1s almost
entirely filtered out by the earth’s atmosphere.

Ultraviolet light 1n the UVB range 1s higher energy than
UVA and responsible for damage to cells and tissues particu-
larly with exposure to low wavelength UVB light. UVB
radiation effects on plants that are attributed to susceptibility
to pests, for example, include DNA damage (Britt, A. B.,
Tvends Plant Sci, 1999; 4:20-235), modification 1n gene
expression (Savenstrand, H. et al., Plant Cell Physiol, 2002;
43:402-10; Brosche M. and Stnid A., Physiol Plant, 2003;
117:1-10), changes 1n secondary metabolism (Feucht W. et
al., Vitis, 1996; 35:113-18; Picman A., et al., Verticillium
albo-atrum Biochem Syst Ecol, 1995; 23:683-93; Glassgen
W. et al., Planta, 1998, 204:490-98; Norton, R., J Agr Food
Chem, 1999; 47:1230-35; Wicklow D., et al., Mycoscience,
1998;39:167-72), and changes in leaf anatomy, 1.¢. leaf thick-
ness and cuticle thickness (Garcia S., et al., Phyotochemistry,
1997; 44:415-18; Liakoura, V., et al., Tree Physiol, 1999;
19:905-08; Raviv, M., and Antignus, Y., Photochem Photo-
biol, 2004;79:219-26). Additionally, UVB light causes plants
to produce UVB absorbing compounds, such as tlavonoids
and other phenolics, phenolpropenoids, alkaloids, and terpe-
noids. These secondary responses are generally independent
of photosynthesis and produce photomorphogenic responses
in UVB recipient plants.

Early experiments analyzing solar UVB etlects demon-
strated substantially reduced photosynthesis, plant growth,
and crop yield. However, these early experiments were per-
formed under unrealistic spectral balances 1n that high levels
of UV were used. In experiments employing balanced levels
of UV radiation, UV-induced partitioning of carbon to pro-
duction of secondary plant metabolites occurs. Enhanced
UVB radiation stimulates production of phenolics and {fla-
vonoids that serve a protective role by accumulating 1n leaf
epidermal cells and attenuating UV radiation before encoun-
ters ol sensitive processes 1n mesophilic cells. Synthesis of
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bulk methanol soluble UV absorbing compounds increases
by 10% following enhanced UVB radiation.

(lasshouse manufacturers continue to claim that blocking
UV radiation shows beneficial effects on reducing plant
pathogens and insect pests. However, the presence of UV
radiation, including high--energy UVB radiation, 1s actually
beneficial to plant physiology and development. Indeed,
when plants are subjected to UV light 1n addition to PAR
many benefits are observed including insect and pathogen
resistance and elevated levels of DNA repair capability. The
reduced crop yields long thought to be the hallmark of
increased ultraviolet light exposure, have recently been dem-
onstrated to be 1naccurate. The positive effects of UV radia-
tion are not observed unless full spectrum light 1s present,
including UVA, UVB, and photosynthetically active radia-
tion. However, 1n radiation controlled studies in which UV
and PAR are used simultaneously, high doses of UVB radia-
tion relative to UVA causes some leal damage 1n plants sug-
gesting that the more unnatural the spectrum, the greater the
damage caused by ultraviolet radiation. (Krizek, 1993; Cald-
well, 1994.)

Gene expression 1s positively regulated by exposure to
natural levels of ultraviolet radiation. As many as 70 UVB
responsive plant genes have been identified that control
mechanisms such as photosynthesis, pathogenesis, and the
generation of antioxidants, Several processes regulated by
UVB radiation are related to increased or enhanced plant
color or fragrance. This modified genetic expression, trans-
lation, or modification pattern in the presence of UVB radia-
tion partially explains why clones from the same plant grown
in artificial lighting and sunlight look, taste and smell differ-
ent than their genetic 1denticals grown 1n natural sunlight.

A majority of plants show significant benefit from ultra-
violet light. Many of these are economically important plants
such as herbs, drug producing plants, ornamental flowers, and
food crops, Benefits of UV light include increased immune
responses, enhanced pigmentation and aroma, and altered
plant architecture such as shape, tlower number and volume,
and thricome density. A meta analysis ol numerous plant
species suggests that insect damage actually decreases with
increasing doses of UVB light. (Bothwel, 1994; Mazza,
1999.) This response has been demonstrated in agricultural as
well as 1n native plants. (Id.; Rousseaux, 1998.) For example,
Isaguire, 2003 showed that expression of 20% of insect fight-
ing genes of tobacco are increased after exposure to UVB
radiation. These include proteinase inhibitors that mactivate
isect digestive tract (Ryan, 1990) and furanocoumarin that
results 1n slower development of insect larvae (McCloud,
1994). Production of insectrepelling phenols 1s also observed
following increased solar UVB radiation. (Fuglevand et al.,
1996.) Defense to insects includes the formation of fla-
vonoids or pigments that absorb UV 1n the 220 to 380 nanom-
cter range. (Ormrod, 1995.) It 1s hypothesized that flavonoids
and other chemicals produced 1n response to UV shield the
plant by absorbing light in the UV range, inhibiting insect
attachment and further scavenging free radicals.

Supplemental ultraviolet light on tomato plants produces a
thickening of the skin that also 1ncreases resistance to insects
such as boring insects. Other beneficial characteristics are
simultaneously present such as the flavor of the pulp 1s con-
siderably more complex and desirable. Fruit skin toughening
1s also found in naturally increased UV exposure. In analyses
of plants in Tierra del Fuego on the southernmost tip of South
America, which 1s regularly affected by severe ozone deple-
tion increasing the levels of ultraviolet radiation exposure
from the sun, 1nsects prefer plant tissue before it 1s exposed to

UVRB light. (Ballare, 2001.) An alternative hypothesis 1s that
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insects are refracted by the altered chemical production 1n
leaves exposed to UVB light. In either case, UVB exposure 1s
overall beneficial to plants,

Enhanced pigmentation 1s seen in many species alter expo-
sure to UV light. This 1s an important observation in that
commercially important dyes are produced in plants. (Gilbert
and Cooke, 2001.) The synthesis of dyes may be increased by
exposure of these plants to UVB or UVA light. Also,
enhanced pigmentation of ornamental flowers, especially
noted in blue, black and purple tones, 1s seen after exposure of
these plants to UVB light. (Kevan, 2001.) The increase in
pigmentation as well as tlavonoid production are well docu-
mented 1n response to ultraviolet light. Increase in flavonoid
compounds 1s attributed to the beneficial effects 1n fruit, veg-
ctables, tea, and red wine grapes to name a few. A specific
non-limiting example 1s the production of anthocyanin that 1s
increased 1n response to ultraviolet light exposure. The pres-
ence ol anthocyanin causes roses to appear red to blue
depending on the pH 1n which they are grown. This 1s seen
most often 1n the leaves of juvenile plants as a reddish hue
which disappears as the new leaves mature. However,
increased anthocyanin production requires high levels ol pho-
tosynthetically active radiation alongside increased UV lev-
els. (Steyn, 2002.) As such, a gardener growing roses will see
this effect when both UV and photosynthetically active light
are present in optimal conditions.

Aromatic oils are also enhanced by 1n output by ultraviolet
light. Such o1l output 1s increased in basil and mint, for
example. (Johnson, 1999.) These essential oils are concen-
trated 1n glandular thricomes which appear to benefit signifi-
cantly from UVB radiation.

Auxin levels which absorb UVB light are photo degraded
by levels of UVB. However, ethylene which causes radial
growth and less elongation in plants 1s increased after UVB
irradiation 1n suntlower seedlings (Ross and Tevini, 1995)
and pear seedlings (Predien et al., 1993).

UV light exposure increases expression of many of the
greater than 25,000 terpenoids known with many with diverse
functions 1n plants. Anti-insecticidal activity 1s achieved by
increased levels of pyrethin which 1s a natural insecticide
(Harbourne, 1991). Beneficial insects may also be attracted
by terpenoids such as pollinators and predatory wasps.

Alkaloids are found 1n 20% of flowering plants are
enhanced by UV light. Greater than 12,000 different alka-
loids are known 1n plants and may be economically important
as pharmaceuticals including morphine, nicotine, caifeine
and cocaine. They are also important as insecticides and other
deterrents. Indeed nicotine from tobacco was one of the first
isecticides deployed by humans. Phenolic compounds,
which illustratively include coumarins, furanocoumarins,
and flavonoids, are also produced 1n the presence of ultravio-
let light. There are more than 4,500 flavonoids known. Many
flavonoids are strongly colored and used by plants and tlowers
and fruits to promote pollination and seed dispersal. Thus,
UV 1induced phenolic compounds increases the ornamental
desirability of flowering plants or fruits.

Finally, plant shape, architecture, flower number, and thri-
comes are enhanced or affected by the presence of ultraviolet
B radiation. For instance, both UVA and UVB 1nhibit stem
clongation 1n a wide variety of plants. Decreased elongation 1s
attributed to UV induced destruction of the plant hormone
auxin, however increases 1n the hormone ethylene cause
greater radial growth and less elongation, as has been seen 1n
sunflower seedlings and pear seedlings. (Ros and Tevinin,
19935; Prediere, 1993.) These architectural effects may be
exploited to improve handling and growing procedures for
crops. For example, lower levels of stem elongation can allow
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for greater stacking capability within a single greenhouse or
light 1irradiated structure increasing crop vield per unit area.
Also, balanced light conditions consisting of PAR 1n addition
to UV radiation produce an increase in tlower numbers nside
a glasshouse. (Grammatikopoulos, 1998; Day, 1999.)
Increased diameter of the flowers 1s also achieved. (Petropou-
lou, 2001.) In general monocots are more responsive to
increased levels of UVB 1n glasshouses 1lluminated as 1n the
instant invention than are dicots. (Barnes, P., Am J Bot, 1990;
7'7:1354-60.)

These studies suggest that plants are improved in their
yield or ornamental appearance by a proper balance between
UV radiation and other light wavelengths. The problem 1s that
high intensity bulbs are limited 1n the amount of ultraviolet
radiation produced to approximately 3% of the total light
output. (ANSI C78.38-2005) Theretore, given that UV light
1s both beneficial to photomorphogenic properties of plants
and harmiul 1f used improperly, there 1s a need for a process
of 1rradiating plants using an artificial light source so as to
improve the growth, appearance, disease resistance and desir-
ability of the plants and their fruit.

SUMMARY OF THE INVENTION

A system for radiating plants with photon radiation to
induce photomorphogenic growth 1s described. The system
includes a light assembly operable to transmit photon radia-
tion, a light transmittive material located between the light
assembly and a plant, a power supply connected to the light
assembly, a failsafe switch connected to and located between
the power supply and the light assembly and a photomorpho-
genic growth controller connected to the light assembly. The
power supply 1s operable to energize the light assembly and
the failsate switch 1s operable to de-energize the light assem-
bly when a safety signal 1s recerved by the failsate switch. The
photomorphogenic growth controller 1s operable to selec-
tively energize the light assembly.

The light assembly can be operable to transmit photon
radiation in the form of ultraviolet, visible and/or infrared
radiation. The safety signal received by the failsafe switch can
originate from an electronic device, the electronic device
being a motion detector, door position detector, window posi-
tion detector, manual on/oif switch, an emergency off switch
and the like. The photomorphogenic growth controller selec-
tively energizes the light assembly as a function of the plant
growth cycle, the plant environment, a user input and/or a
position of the light assembly relative to the plant. A control
circuit can also be included within the system. In addition, a
light assembly positioner that 1s operable to position the light
assembly relative to the plant can be included. The light
assembly positioner can position the light assembly relative
to the plant as a function of the plant growth cycle and/or input
datum such as user mput, time of day, cumulative time of
plant exposure to photon radiation from the light assembly,
ambient light intensity and/or humidity level.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram schematic of a photomorpho-
genic growth system for an embodiment of the present inven-
tion;

FIG. 2 1s a block diagram schematic of a photomorpho-
genic growth alternate system for an embodiment of the
present invention;

FIG. 3 1s a schematic representation of input to a failsafe
switch for an embodiment of the present invention;
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FIG. 4 1s a schematic representation of mput to a photo-
morphogenic growth controller of the for an embodiment
present invention;

FIG. 515 a schematic representation of input to a positioner
for an embodiment of the present invention; and

FI1G. 6 illustrates the light assembly for an embodiment of
the present invention at different locations relative to a plant.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The mnstant invention has utility 1n increasing the economic
benefit, output and desirability of plants grown in artificial
lighting conditions and to benefit such plants. The instant
invention 1s generally related to a container, a glasshouse, or
other system for the growing of plants or other crops.

According to the present invention, an artificial light source
1s oriented such that illumination 1s transmitted through a
light transmaissive material and subsequently contacts plants
oriented on the opposite side of the transmissive material as
the light source. A physical system suitable for use in the
instant invention 1s optionally a wall structure constructed of
light transmissive material that allows the passage of light
suificient to promote growth of the biological material stored
in a reservolr defined by the wall structure 1tself. The structure
can be a glasshouse or other greenhouse type structure, The
glasshouse 1s optionally a small desktop container. It 1s appre-
ciated that the glasshouse 1s of any suitable size for the
intended use such as large scale crop production in fluid, soil
or other solid media, or for a single plant as 1n a home growing
situation. The glasshouse can be used for growing ornamental
flowers or other home or commercial use plants suitable for a
horticulture business.

It 1s desirable that the transmissibility of the wall material
at selected light wavelengths 1s kept at a maximum. In some
instances borosilicate glass 1s used as a transmissive material.
Non-limiting examples of glass include borosilicate or flint
glass, soda lime glass, and quartz. Preferably the light trans-
missive material not only allows passage of sunlight but 1s
transparent to promote full passage of all light necessary to
support growth including that in the UVB, UVA, photosyn-
thetically active region, and inifrared regions. Translucent
maternials are optionally used to screen out certain wave-
lengths or light intensities depending on factors and needs of
the biological material or the need to reduce accumulation of
heat 1n the structure.

The transmissive material can be a borosilicate glass with
optical and physical properties including 60% to 70% by
weight silicon dioxide, 10% to 15% by weight B,O,, 5% to
15% by weight Na,O, 5% to 10% by weight KO, 0.1%to 1%
by weight Ca0, 0.5% to 3% by weight BaO, 0% to 5% by
welght dilithium oxide, 0% to 2% titanium dioxide, 0% to
25% by weight ZnO, and 0% to 0.5% by weight Sb,0O,, and
normal refining agents. It 1s appreciated that the inclusion of
oxides of T1, Zn, or Sb are effective 1n limiting the amount of
UVC transmitted while still passing a limited quantity of
UVB needed to promote growth.

Borosilicate glass with a defined edge optical absorption 1s
used as the wall structure. The edge situation or edge wave-
length corresponds to half the pure transmission maximum
value between the blocking and the permeable range. An
illustrative example of an optical borosilicate glass operable
in the instant invention 1s defined in U.S. patent application
Ser. No. 11/835,491, which is incorporated herein by refer-
ence.

The light transmissive material has a transmissivity with a
point of inflection between 280 and 320 nm and located 1n the
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UVB range so as to transmit the UVA and photosynthetically
active visible wavelengths while limiting the amount of del-
cterious UVC transmitted to a plant. A point of inflection 1n
the transmission spectrum as used herein 1s defined as a point
where the double derivative spectrum 1s zero and bounded by
non-zero values. A range for a spectral point of inflection can
be between 285 and 310 nm. This sharp edge situation UVC
cutolil achievable by varying the content of titanium dioxide
or zinc oxide inthe glass system. Borosilicate glass composed
simply of normal refining agents contains high levels of trans-
missibility throughout the IR and visible spectrum with no
UVA blockage, little UVB blockage, and total UVC block-

age. Thus, doping of the glass with material such as titanium
dioxide creates a desired steep edge situation at a desired

wavelength.

In some 1nstances the transmissive material has a steep
cutofl at the desired UVB wavelength and the highest pos-
sible transmittance of light 1n the remaining range of the
spectrum such as the UVA, visible, and infrared spectral
regions. The material can have high temporal stability of the
spectral transmission characteristics such that temporal trans-
mittance 1s not altered over the course of time. Optionally, the
glass 1s tempered. Additionally, material suitable 1n the
instant mvention optionally has high mechanical stability
such that 1t can define a wall and can resist weathering con-
ditions and the weight of material such as snow or resist
damage from projectiles. Finally a matenal suitable 1n the
instant invention 1s optionally available 1n large sheets such
that construction of large glasshouses 1s easily obtainable. It
1s appreciated that large continuous films, liquid sprays or
other treatments, are similarly suitable 1n the instant mnven-
tion. Transmissive filtering maternals are preferably able to
withstand high itensity UVB radiation.

Borosilicate glass thickness used in an embodiment
optionally regulates the level of transmaittance. In a non-lim-
iting example the thinner the glass material the more light 1s
transmitted. In some mstances the glass material allows trans-
mission of greater than 50% of light with a wavelength at or
above the edge situation. In other instances light transmission
at or above the edge situation 1s between 90 and 95%. In still
other istances the light transmission levels are greater than
95% at or above the edge situation with an optimal level of
98% or greater light transmission at or above the edge situa-
tion.

(lass materials as thin as 1 to 2 mm thick are the most
beneficial 1n providing light transmissibility. A 1 mm thick
borosilicate glass will block all UVB from a 1 watt lamp and
virtually none from a 1000 watt lamp. Thus, the glass thick-
ness 1s preferably chosen with relation to the intensity of the
chosen light source, The borosilicate glass can be between 1
and 10 mm thick, or 1n the alternative between 2 and 5 mm
thick. It 1s appreciated that glass with thickness parameters
outside these preferred ranges 1s optionally employed 1n the
instant mvention.

Optionally multiple glass types, compositions, and thick-
nesses are combined 1n a single wall situation. For example,
glass with greater thickness 1s optionally employed 1n regions
of high light availability or where the structural integrity of
the glasshouse 1s of paramount concern such as 1n geographic
regions that receive large amounts of snow. Glasshouses suit-
able for use 1n the instant invention optionally contain thicker
glass on some portions of the ceiling panel and thinner glass
structures on other portions of the ceiling or wall. Illumina-
tion 1s optionally adjusted such that higher UV emitting lights
are used on wall portions with thicker glass and lower energy
UV light emitting bulbs are used where thinner of the glass 1s
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used. Optionally the glass panel 1s movable to rotate or oth-
erwise alter position with adjusting solar light source posi-
tion,

In maximizing the strength of the structure and simulta-
neously reducing the amount of energy used, numerous 1llu-
minating sources are optionally employed in the instant
invention such as sunlight or artificial sources. Artificial light
sources optionally include high intensity discharge (HID)
lights selected to emit visible light, ultraviolet radiation, and/
or inirared radiation. Preferably, maximum UV radiation
emitted from HID lamps 1s preserved by the chosen glass
material. Fluorescent bulbs are optionally employed to selec-
tively emit various wavelengths of ultraviolet radiation such
as UVB-313 fluorescent lamps, as well as metal halide (MH)
lamps or high pressure sodium (HPS) bulbs. Bulbs optionally
employed include MH bulbs suitable for emitting wave-
lengths between 400 and 300 nm and used for increasing
vegetative growth or HPS bulbs suitable for emission of
longer wavelengths such as between 500 and 700 nm which
are used for voluminous flower production. Lamps are
optionally used individually or in combination to provide or
supplement ultraviolet light. In an embodiment, the light
transmissive material totally surrounds the lamp structure
such that each lamp structure individually comprises an 1llu-
minating unit. In another embodiment the light source 1s
oriented above or to the side of the biological material.
Numerous illuminating units or illuminating sources are
optionally employed depending on the required light inten-
sity or spectral characteristics of the light to be 1lluminated on
the biological material. Different light sources are optionally
employed at different locations around the biological mate-
rial. In a non-limiting example, the light sources are more UV
emitting above the plant with less UV emitting light sources
to the side of the plants to mimic the movement of the sun.
Optionally, the light sources are varied at different locations
in the glasshouse. In a non-limiting example, more intense
UV emitting lights are placed overhead whereas lower emit-
ting light sources are placed lower to the horizon. In the
alternative, a single light source 1s positioned at various loca-
tions relative to the plants. Each of these light sources are
optionally 1lluminated at different times to mimic movement
of the sun.

The inventive process optionally alters stress responses or
photomorphogenic properties of the biological material. The
photomorphogenic properties altered by the chosen light
spectrum are optionally defense mechanisms against a patho-
gen attack, imncreased levels of UV activating genes, modified
gene expression, thickening fruit skin, altering fruit flavor
characteristics, increased production of tlavonoids, increased
fungal resistance, enhancing pigmentation, increased pig-
ment production, essential o1l output, resin output, decreased
stem elongation, increased radial growth of tlowers, altering
architectural properties, post harvestability, increases or
decreases in flower numbers, increases in thricome density,
decreases 1n leaf area, altering production of terpenoid, alka-
lo1d, phenolpropanoid or other economically valuable com-
pounds such as pharmaceutics.

Secondary metabolites produced by the altered photomor-
phogenic characteristics 1n the instant mvention optionally
include products such as dyes, polymers, fibers, glues, oils,
waxes, tlavors, perfumes, and drugs.

Turning now to FIG. 1, an embodiment of a system for
radiating a plant with photon radiation to induce photomor-
phogenic growth 1s illustrated generally at reference numeral
10. The embodiment has a light assembly 100 with a failsafe
switch 200, a photomorphogenic growth controller 300 and a
positioner 400 1n communication therewith. The failsafe
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switch 200 de-energizes the light assembly 100 1n the event
that a person 1s in the vicinity of the light assembly 100. Given
that the light assembly 100 can be radiating a plant with
ultraviolet light, such a failsafe switch 1s desirable to prevent
human exposure. The photomorphogenic growth controller
300 selectively energizes the light assembly 100 such that
controlled exposure of a plant by the light assembly 100 1s
afforded. In addition, the positioner 400 affords for the light
assembly 100 to be placed at different locations relative to the
plant.

In some stances, an embodiment shown generally at ref-
erence numeral 20 1n FIG. 2 includes a control circuit 500 1n
communication with the light assembly 100. The control
circuit 500 affords for information from the failsate 200, the
photomorphogenic growth controller 300 and the positioner
400 to be used 1n relation to the light assembly 100. As
illustrated 1n FIG. 2 for example purposes only, the light
assembly 100 can include a metal halide lamp 110 and a high

pressure sodium lamp 120.

The failsate 200 can receive a salety signal from an elec-
tronic device and then subsequently de-energize the light
assembly 100. For example, as 1llustrated in F1G. 3, the safety
signal received by the failsate switch 200 can originate from
a motion detector 210, a door position detector 220, a window
position detector 230, a manual on/oif switch 240 and/or an
emergency ofl switch 250. In this manner, 1if an 1individual
enters an area 1n close vicinity of the light assembly 100
without dc-energizing said assembly, the motion detector
210, door position detector 220 and/or window position
detector 230 would afford for the safety signal to be transmiut-
ted and recerved by the failsafe switch 200. The failsafe
switch 200 then de-energizes the light assembly 100 and
provides a safety feature to the system.

The photomorphogenic growth controller 300 as 1llus-
trated 1n F1G. 4 affords for the selective energizing of the light
assembly 100. The photomorphogenic growth controller 300
can energize the light assembly 100 based on one or more
criteria. For example, the photomorphogenic growth control-
ler 300 can energize the light assembly 100 as a function of a
plant growth cycle 310. Likewise, the photomorphogenic
growth controller 300 can selectively energize the light
assembly 100 based on input from a user 320, a plant envi-
ronment monitor 330 and/or a position of the light assembly
340 relative to the plant. The plant environment monitor 330
can illustratively monitor, detect and signal such environmen-
tal parameters as ambient light intensity and humidity level.
The mput data 1s one of user input, time of day, cumulative
time of plant exposure to photon radiation from said light
assembly, ambient light intensity, humidity level, and com-
binations thereof. According to the present invention dosing a
plant with an enhanced UVB at a particular portion of the
circadian rhythm or portion of the growing season produces
previously unknown improvements in plant growth and/or
truit quality. While a cotyledon 1s vulnerable to UVB expo-
sure, 1t has been found that UVB exposure of a plant early 1n
the day appears to modily plant perception of the time of year
to speed growth. Without intending to be bound by a particu-
lar theory, UVB 1n sunlight 1s concentrated around noon on a
given day (apex of solar day) and 1s maximal at summer
solstice presumably because of atmospheric path absorption
of ultraviolet light. By imtiating UVB exposure earlier 1n a
day relative to noon, growth 1s promoted. Additionally, UVB
exposure of stalk and leaf underside through positioning the
light assembly 1n an orientation where UVB photons move
parallel or at an acute angle to the plant horizontal plane,
growth 1s further enhanced for reasons that also are unclear.
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Flavonoid production increases promoting insect resistance

and superior flower/fruit formation 1s also observed herein.
UVB exposure that spans the growing day occurs through

continuous 1llumination or period UVB pulses during the day.

UVB illumination is either provided separate or in concert
with the bulk of the visible PAR.

In another embodiment of the system disclosed herein, the
light assembly 100 has a positioner 400 1n communication
therewith. In some 1nstances, the photomorphogenic growth
controller 300 1s not present within the system, and 1n other
instances the photomorphogenic growth controller 300 1s
present as part of the system. The positioner 400 affords for
positioning of the light assembly 100 1n a location or a variety
of locations with respect to the plant P as shown in FIG.
6—with the light assembly 100 still facing the plant P. For
example, the positioner 400 can position the light assembly
100 directly above the plant P, oif to the side of the plant P but
generally above 1t, directly to the side of the plant P, off to the
side of die plant P but generally below 1t and/or any position
in between these positions. In this manner the positioner 400
affords for the light assembly 100 to illuminate the plant P
from a variety of angle and locations, for example from

underneath a canopy of the plant’s leaves, flowers and the
like.

The positioner 400 can afford for an exact location relative
to a reference point (not shown) based on one or more input
datum. For example, the positioner 400 can receive one or
more mput datum regarding the plant growth cycle 410, user
input 420, plant environment indicator 430 and/or present
position of the light assembly 440. In some instances, the
positioner 400 can be a simple cord, rope, chain and the like
which affords for the light assembly 100 to hang from a
support a given distance from the plant P. In other instances,
the positioner 400 atfords for the light assembly to be placed
at different locations with respect to the plant P as a function
of user input, time of day, cumulative time of plant exposure
to photon radiation from the light assembly 100, ambient light
intensity of the environment surrounding the plant, humidity
level of the environment surrounding the plant and/or com-
binations thereof. In this manner, the light assembly 100 can
afford for exposure of a plant that mimics light from the sun,

It 1s appreciated that the system described above can be
used to alter stress responses or photomorphogenic properties
ol a biological material, The photomorphogenic properties
altered by the system are optionally defense mechanisms
against a pathogen attack, increased levels of UV activating
genes, modified gene expression, thickening of fruit skin,
altering fruit flavor characteristics, increased production of
flavonoids, increased fungal resistance, enhancing pigmenta-
tion, increased pigment production, essential o1l output, resin
output, decreased stem elongation, increased radial growth of
flowers, altering architectural properties, post harvestability,
increases or decreases in flower numbers, increases 1n thri-
come density, decreases 1n leaf area, altering production of
terpenoid, alkaloid, phenolpropanoid or other economically
valuable compounds such as pharmaceutics. It 1s also appre-
ciated that the system can be used to treat the presence of a
pathogen attack on plants.

References cited herein are indicative of the level of skall in
the art to which the invention pertains. These references are
hereby incorporated by reference to the same extent as 1f each
individual reference was explicitly and individually incorpo-
rated herein,
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The foregoing description 1s illustrative of particular
embodiments of the invention, but 1s not meant to be a limi-
tation upon the practice thereof. The following claims,
including all equivalents thereof, are imtended to define the
scope of the invention.

We claim:

1. A system for radiating a plant with photon radiation to
induce photomorphogenic growth comprising:

a light assembly operable to generate photon radiation of

ultraviolet, visible, and infrared radiation;

a light transmittive material located between said light
assembly and a plant and having an optical transmission
point of inflection of between 280 and 320 nanometers;

a power supply connected to said light assembly, said
power supply operable to energize said light assembly;

a failsate switch connected to and located between said
power supply and said light assembly, said failsafe
switch operable to de-energize said light assembly when
a safety signal 1s recerved by said failsate switch; and

a photomorphogenic growth controller connected to said
light assembly, said photomorphogenic growth control-
ler operable to selectively energize said light assembly.

2. The system of claim 1, wherein said safety signal 1s
recetved from an electronic device, said electronic device
selected from the group consisting of motion detector, door
position detector, window position detector, emergency oif
switch and combinations thereof.

3. The system of claim 1, wherein said photomorphogenic
growth controller selectively energizes said light assembly as
a Tunction of a plant growth cycle.

4. The system of claim 1, wherein said photomorphogenic
growth controller selectively energizes said light assembly as
a function of as function of an mput datum, said input datum
selected from the group consisting of user mnput, time of day,
cumulative time of plant exposure to photon radiation from
said light assembly, ambient light mtensity, humidity level
and combinations thereof.

5. The system of claim 1, wherein said photomorphogenic
growth controller selectively energizes said light assembly to
periodically wrradiate the plant with ultraviolet B photons
during a day.

6. The system of claim 1, wherein said photomorphogenic
growth controller selectively energizes said light assembly as
a Tunction of a position of said light assembly relative to the
plant.

7. The system of claim 6, wherein said position of said light
assembly 1s selected from the group consisting of directly
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above the plant, off to the side but generally above the plant,
directly to the side of the plant, off to the side but generally
below the plant and any position therebetween.

8. The system of claim 1, wherein said photomorphogenic
growth controller 1irradiates the plant with ultraviolet B pho-
tons mdependent of visible light photons.

9. The system of claim 1, further comprising a light assem-
bly positioner connected to said light assembly, said light
assembly positioner operable to position said light assembly
relative to the plant.

10. The system of claim 9, wherein said light assembly
positioner 1s operable to position said light assembly relative
to the plant as function of a plant growth cycle.

11. The system of claim 9, wherein said light assembly
positioner 1s operable to position said light assembly relative
to the plant as function of an mput datum, said input datum
selected from the group consisting of user mput, time of day,
cumulative time of plant exposure to photon radiation from
said light assembly, ambient light imtensity, humidity level
and combinations thereof.

12. A system for radiating a plant with ultraviolet and
longer wavelength radiation to induce photomorphogenic
growth comprising:

a light assembly operable to transmit ultraviolet light, vis-

ible light and infrared light;

a light transmittive glass material having a transmissivity

with a point of intlection between 280 nanometers and
320 nanometers located between said light assembly and
a plant;

a power supply connected to said light assembly, said

power supply operable to energize said light assembly;
a failsafe switch connected to and located between said
power supply and said light assembly, said failsafe
switch operable to de-energize said light assembly when
a safety signal 1s recerved by said failsafe switch; and

a photomorphogenic growth positioner connected to said
light assembly, said photomorphogenic growth posi-
tioner operable to position said light assembly at a par-
ticular location relative to the plant.

13. The system of claim 12, wherein said safety signal 1s
recetved from an electronic device, said electronic device
selected from the group consisting of motion detector, door
position detector, window position detector, emergency oif
switch and combinations thereof.

14. The system of claim 12, wherein said light assembly
positioner 1s operable to position said light assembly relative
to the plant as function of the plant growth cycle.

15. The system of claim 12, wherein said light assembly
positioner 1s operable to position said light assembly relative
to the plant as function of an 1mnput datum, said mput datum
selected from the group consisting of user mput, time of day,
cumulative time of plant exposure to photon radiation from
said light assembly, ambient light intensity, humidity level
and combinations thereof.

16. The system of claim 12, further comprising a photo-
morphogenic growth controller connected to said light
assembly, said photomorphogenic growth controller operable
to selectively energize said light assembly.

17. The system of claim 16, wherein said photomorpho-
genic growth controller selectively energizes said light
assembly as a fTunction of a plant growth cycle.

18. The system of claim 16, wherein said photomorpho-
genic growth controller selectively energizes said light
assembly as a function of a plant environment monaitor.
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